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Physiologic Factors Affecting the Germination 
and Growth of Seed Corn 1 
By JOE L. ROllINSON" 
This publication presents the results of a study of physical 
and physiological differences that exist between kernels of 
open-pollinated field corn harvested at different stages of devel-
opment. Differences in physical characteristics of the kernels 
and in the rapidity of germination and of breakdown were 
found to be caused by physiological diffel;ences which, in turn, 
resulted largely from the stage of development at which the 
kernels were harvested. Studies of the effect of slow as com-
pared with rapid drying, and of the value of selecting seed from 
plants grown on soil to which superphosphate was added are 
also reported. It is hoped that the results presented herein will 
help answer some of the questions pertaining to the effect of the 
time of gathering and methods of handling of seed corn upon 
its value as seed. 
MATERIALS AND METHODS 
Seed used in this study was harvested in the fall of 1929, 1930 
and 1931. In 1929 Golden King, an early maturing variety, was 
used. Iodent, a strain selected at the Iowa Agricultural Ex-
periment Station and adapted to central Iowa, was used in 1930 
and 1931. 
Samples were harvested each year at four different stages of 
development. The samples in the earliest stage were the least 
developed of those that gave a high percentage of germination. 
Several investigators have reported on the stage of develop-
ment necessary before satisfactory germination may be ex-
pected. 
Kiesselbach and Ratcliff (18) reported that corn harvested 
at seven stages varying from milk to maturity germinated 80, 
92, 94, 97, 97, 96 and 98 percent. 
Alberts (3) observed that Golden Glow corn germinated 14 
percent when harvested in the early milk stage and 74 percent 
when harvested in the late milk stage. The variety, Murdock, 
germinated 75 and 87 percent, respectively, when harvested at 
corresponding periods of development. Seed harvested later 
germinated normally. 
1 Project 156 of the Iowa Agricultural Experiment Station. 
2 The writer acknowledges his indebtedness to Dr. Y\T. E. Lobmis and to 
Prof. H. D. Hughes for their valuable suggestions on methods of attacking 
the various phases of the problem; to the members of the Farm Crops staff 
for their many helpful suggestions; to C. Gwinn Barr and Kenneth Burnett 
of the Botany Department for their suggestions on laboratory technique; and 
to his wife. Ruth Nash Robinson, for the many hours spent in assisting with 
the laboratory determinations. 
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Booth (6) found that oat kernels did not give a maximum 
germination percentage until 13 days after pollination. Oats 
harvested at five different stages of development from milk to 
dry and mealy, germinated 66 to 99 percent, according to 
Fryer (13) . 
In 1920 Harlan (15) found that the kernels of several barley 
varieties germinated when harvested 6 days after fertilization. 
In 1921 he found that kernels of Hannchen barley germinated 
5 days after fertilization. . 
In a test from 1924 to 1930, inclusive, Koehler, Dungan and 
Burlison (20) found that samples containing 22.1 and 74.3 per-
cent moisture germinated less than samples containing 28.6 to 
58.8 percent at harvest. 
In our experiment each sample consisted of 18 ears har-
vested at random. The samples in this study were har-
vested at such intervals of time that the moisture content of 
each succeeding sample was approximately 10 percent less than 
that of the preceding sample. The actual percentage of mois-
ture in each sample is given in table 1. The first group of ears 
harvested in 1929 and 1931 contained slightly more than 60 per-
cent moisture and that of 1930 slightly less. This group is re-
ferred to in this publication as the dough stage sample. The 
second group harvested and referred to as glazed contained 
from 48 to 55 percent of moisture. The third group was har-
vested at the time it ,vas thought to contain about 40 percent 
moisture and to be in the full dent stage of development. The 
last sample was harvested when fully matured and contained 
from 28 to 31 percent moisture. The samples were dried rapidly 
by being suspended in the draft of an electric fan at room tem-
perature. Each sample was then shelled and stored. 
Except where otherwise noted, results reported in this bulle-
tin are for air-dry corn. 
While the ears which made up each sample were harvested 
without any selection, and presumably represented the entire 
plot, it is apparent that in 1930 the glazed seed was not a repre-
sentative sample of the seed from which it was gathered. The 
kernels of this particular sample had a greater weight, volume, 
bushel test weight and specific gravity than any of the other 
samples harvested, either before or after, from the same rows. 
The laboratory comparisons among the samples were con-
ducted at room temperature. Each sample of a given season 
TABLE 1. THE PERCENTAGE OF MOISTURE IN EACH 
SAMPLE WHEN HARVESTED. 
Sample 1929 1930 
Dough 62.2 59.8 
Glaze 55.4 48.2 
Full dent 38 .8 37.7 
Mature 28.1 31.2 
1931 
61.2 
53.5 
40 . 4 
31.5 
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Fig. 1. Kernels representing the different stages of maturity in 1929: 1, 
dough; 3, glazed; 2, full dent; 4, mature. 
was included in each trial. Therefore, the results ob: ained with 
the different samples for anyone season are comparable, al-
though differences between years may in part be the result of 
variations in temperatu·re. Likewise variations in field data of 
the different years were largely caused by seasonal fluctuations. 
These fluctuations, together with the fact that two different 
varieties of corn, were involved, make it advisable to present 
the data for each year separately rather than the mean of the 
3 years. 
EXPERIMENTAL 
WEIGHT OF KERNEL 
Koehler, Dungan and Burlison (20) found that kernels ceased 
to increase in weight while containing between 43.6 and 2~.6 
percent moisture. 
Our experiment was not designed primarily to determine the 
point at which the growth of kernels of corn stopped. It is 
possible, however, to determine within limits the moisture con-
tent when growth ceased. Eight hundred and fifty kernels of 
each sample were weighed in 1930 and in 1931 and 1,000 in 1929. 
The mean weight of 100 kernels is indicated in table . 2. These 
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TABLE 2. THE MEAN WEIGHT IN GRAMS AND VOLUME IN MILLILITERS 
OF 100 KERNELS. 
Weight of 100 kernels Volume of 100 kernels 
Sample 
1929 1930 1931 1929 1930 1931 
Dough 17.03 20.36 19 .69 14.7 15.9 16 .7 
Glaze 20.97 29.06 25.91 17.2 23.4 20.9 
Full dent 23.31 27.95 31.70 19.2 22.3 26.2 
Mature 24.77 26.37 31.94 19.6 23.0 25.0 
data show that in 1929 with an early maturing variety the 
greatest kernel weight was found in the mature sample. This 
sample contained 28.1 percent moisture when harvested. In 
1930 the maximum kernel weight was attained when the glazed 
sample, containing 48.2 percent moisture, was harvested. In 
1931 the kernels were fully grown when fully dented and con-
taining 40.4 percent moisture. The analysis of variance of ker-
nel weight of the different samples is presented in table 3. The 
test for reliability was based upon Fisher's" z" table with the 
5 percent point for significance. The calculated" z" between 
samples of different maturity was found to be greater than the 
5 percent" z" and to be significant each year. 
The data presented indicate that for the 3 years the maxi-
mum kernel weight was reached when the kernel contained 
about 40 percent of moisture. This points to the conclusion that 
perhaps the two samples designated as full dent and as mature 
were both fully developed when harvested. Results presented 
in the following pages seem to confirm this statement. The two 
samples gave similar results in the major portion of the com-
parisons. The data varied widely with the different years indi-
TABLE 3. THE ANALYSIS OF VARIANCE OF KERNEL WEIGHTS 
FOR 1929, 1930 AND 1931. 
Source of 
variation 
Maturity 
Experimental error 
Degree of 
freedom 
3 
36 
P. E. of the mean kernel weight 
Maturity 3 
Treatment 2 
Experimental error 102 
P. E. of the mean kernel weight 
Maturity 3 
Treatment 2 
Experimental error 102 
P. E. of the mean kernel weight 
Mean 
square 
1929 
114.15 
1.14 
.22 
1930 
395.22 
5.65 
2.35 
.36 
1931 
961.56 
9 . 42 
1.02 
.22 
Calculated Five percen t 
"z" "z" 
2.3035 .5326 
P. E. diff. in kernel weight .31 
2.5625 .4949 
.4386 .5775 
P. E. diff. in kernel weight . 50 
3.4243 .4949 
1.1115 . 5775 
P. E . diff. in kernel weight .31 
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cating that the development varied with the year, also possibly 
with the strain used as well as with the sample taken. 
VOLUME OF KERNEL 
The volume was determined by immersing 100 representative 
kernels in a known quantity of alcohol in a burette. The dis-
placed alcohol represented the volume of the 100 kernels and 
was measured in milliliters as shown in table 2. 
The mature kernels were the largest in 1929. In 1930 no 
further gain in size occurred after the glazed sample was har-
vested. In 1931 the kernels of the fully dented sample had the 
greatest volume. The volume corresponded very closely with 
kernel weight. 
SPECIFIC GRAVITY 
The investigators at the Illinois Agrieultural Experiment 
Station (20) found the kernels to have their maximum density 
when containing 43.6 percent of water at harvest. 
The specific gravity found in our experiment and presented 
in table 4 was obtained by dividing the gram weight of 100 ker-
nels by their volume in milliliters. The specific gravity of the 
kernels harvested in the dough stage was always lowest. Little 
difference existed in the specific gravity of the three more fully 
developed samples in any year. High specific gravity is closely 
associated with a compact endosperm. Maximum specific gravi-
ty, however, does not necessarily indicate that materials were 
no longer being deposited in the kernel and that full develop-
ment had been reached. The nature of the kernel is such that 
when the moisture leaves it in the early stages of desiccation 
the volume becomes smaller, as evidenced by the indentation. 
This reduction in size has the effect of increasing the density. 
TABLE 4. THE SPECIFIC GRAVITY AND BUSHEL TEST WEIGHT OF THE SAM-
PLES HARVESTED AT DIFFERENT STAGES OF MATURITY. 
Specific gravity Bushel test weight 
Sample 
1929 1930 1931 1929 1930 1931 
Dough 1.171 1.184 1.175 48 . 7 49 . 1 49.4 
Glaze 1.238 1.240 1.212 52.1 55.9 53.8 
Full dent 1.227 1.231 1.218 54.6 55.4 57.5 
Mature 1.242 1.229 1.238 54.9 55.1 56 .8 
BUSHEL TEST WEIGHT 
The bushel test weight (table 4) of the earliest harvested 
sample was less than 50 pounds each year. In the later stages, 
the differences were slight and irregular. 
Ijittle increase in bushel test weight was found by Koehler, 
Dungan and Burlison (20) after the corn had developed suffi-
ciently to contain only 43.6 percent moisture. 
Maximum bushel test weight is an indication of compactness 
of the material in the kernel. Like density it is not necessarily 
an indication of complete development. 
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TABLE 5. GERM AS A PERCENTAGE OF TOTAL KERNEL TOGETHER WITH THE 
MEAN CRUSHING RESISTANCE OF EACH KERNEL. 
Mean percentage of germ Mean crushing resistance 
Sample 
1929 1930 1931 1929 1930 1931 
Dough 9.18 11.68 11.99 27.76± .64 35.10± 1.07 31.06± . 69 
Glaze 10.24 11.11 11.95 34.36± .91 49.79± .99 43 .27 ± .86 
Full dent 11.36 12 . 03 12.54 39.09± .81 43.59± .90 49.89± .96 
Mature 10.95 12.20 12.72 40.82± .94 44.23±1.06 49.92 ± 1. 03 
PERCENTAGE OF GERM 
The embryo and endosperm develop at approximately the 
same rate from the late milk stage to maturity, according to 
Kiesselbach and Ratcliff (18). 
In our study the percentage of the kernel which was com-
posed of the germ portion was determined for 250 kernels in 
each sample. The kernels were immersed in water 48 hours, 
after which the germ portion including the scutellum was re-
moved. Both the germ and endosperm were then dried to a 
water-free basis, and the percentage of germ was calculated 
as shown in table 5. Each year the percentage of germ was 
slightly less in the two samples harvested early. Table 6, how-
ever, indicates that the difference in percentage of germ of the 
samples of different maturity was not significant. 
TABLE 6. THE ANALYSIS OF VARIANCE OF PERCENTAGE OF GERM IN THE 
KERNELS FOR THE 3 YEARS. 
Source of Degree of Mean Calculated Five percent 
variation freedom square "z" "z" 
Maturity 3 1.68 .5775 .6250 
Year 2 7.54 1.3250 .6786 
Maturity x year 6 .37 .1795 .5487 
Experimental error 12 .53 
CRUSHING RESISTANCE 
The pressure required to crush one kernel was based upon 
the mean crushing resistance of 100 kernels. The crushing re-
sistance was determined by placing an individual kernel on edge 
between two steel jaws. A spring balance was attached with 
a leverage that gave 5/ 6 of the actual pounds required to crush 
the kernel. Inasmuch as the readings were comparative they 
were not corrected for the difference in leverage and are referred 
to in this discussion as pounds. The mean pounds of pressure re-
quired, together with the probable error, are given in table 5. 
The pounds required to crush a dry kernel of the dough stage 
sample were significantly lower than for the glazed sample each 
year. The crushing resistance of the two more fully developed 
samples of 1929 and 1931 was greater than that of the glazed 
sample. The difference between the fully dented and mature 
samples was not significant in either case. The crushing re-
sistance of the glazed sample was the greatest for 1930. 
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If all kernels had been the same size and shape, crushing re-
sistance might have been considered an index of compactness 
or hardness. In that case it would have been expected to follow 
the same trend as specific gravity. As a matter of fact crushing 
resistance agreed more closely with kernel weight and volume 
than with specific gravity. It is believed that a fully matured 
kernel has greater crushing resistance than one immature, and 
of equal size. It is also believed that the higher crushing re-
sistance of the more mature samples in this study was largely a 
result of their greater size. 
NITROGEN CONTENT 
Jones and Huston (17) found that the percentage of nitrogen 
in the immature ears of corn was higher than in the fully de-
veloped ears. 
Failyer and Willard (12) found a greater percentage of nitro-
gen in the grain of both King Philip flint and yellow dent corn 
when harvested in the milk stage than at any later stage of de-
velopment. 
The milligrams of nitrogen in one gram of moisture-free corn 
of each sample of our experiment were determined by the 
Kjeldahl method. Little difference was found in the quantity 
of nitrogen in the four samples of 1929 although the trend indi-
cated that the more mature corn may have a smaller percentage 
of nitrogen than that harvested earlier. This trend was more 
pronounced for the seed of 1930 and 1931 when the percentage 
of nitrogen consistently decreased as the corn approached ma-
turity. 
The milligrams of nitrogen found in one gram and in one ker-
nel is presented in table 7. The latter was obtained by using 
the average kernel weight for each sample, as indicated in table 
2, and calculating the quantity of nitrogen for each kernel. 
While the percentage of nitrogen decreased as the samples be-
came more mature the quantity in each kernel was always the 
smallest for the samples harvested in the least mature stage. 
Apparently nitrogen was being added to the kernel as it devel-
oped but not in as large a proportion as the other materials. 
TABLE 7. MILLIGRAMS OF NITROGEN IN ONE GRAM AND IN ONE KERNEL 
OF MOISTURE-FREE CORN. 
Sample 
In one gram In one kernel 
1929 1930 1931 1929 1930 1931 
Dough 15.358 17 . 924 18.608 2.615 3.649 3.664 
Glaze 15.693 17.718 17.718 3.291 5.149 4.591 
Full dent 15.085 17 .274 17.417 3.516 4.828 5.521 
Mature 15.085 16.795 16.118 3.737 4.429 5.148 
SUGAR CONTENT 
A marked decrease in total sugars was found by Sayre, Wil-
laman and Kertesz (24) in Advancer peas as the peas ap-
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proached full development. Brenchley (7), working with three 
varieties of barley, found a decrease in the percentage of sugars 
for 12 to 21 days following pollination, after which the per-
centage remained constant. The actual quantity present de-
creased at first and then increased until 21 and 24 days, after 
which a slight decrease occurred. 
In the studies reported here the samples harvested in the 
dough stage had the greatest concentration of reducing sugars 
in each year. The smallest percentage was in the fully dented 
and the mature samples. In 1929 and 1931 a direct relation was 
found to exist between maturity and the percentage of non-re-
ducing sugars. In 1930 the glazed sample had the greatest per-
centage of non-reducing sugars, followed in turn by the dough 
stage, full dent and the mature sample. 
The percentage of reducing sugars was small as compared 
with the non-reducing sugars. Each year the highest concen-
tration was found in the samples most immature at harvest. 
When the quantity of reducing and non-reducing sugars was 
calculated for each kernel a tendency prevailed for the larger 
quantity of reducing sugars to be present in the immature 
rather than in the mature kernels. Of the non-reducing sugars, 
however, the individual kernel in the dough stage had the 
smallest quantity each year. Little difference and no consistent 
trend existed in the quantity of total sugars in each kernel of 
the three more fully developed samples. 
WATER ABSORPTION 
When comparing the percentage of water absorbed in 24 
hours at varying temperatures by corn harvested in the" milk," 
"dent," and "mature" stages, Dungan (10), at the Illinois 
Agricultural Experiment Station, found that the more imma-
ture seed absorbed the greatest quantity. He found an in-' 
crease in the quantity as the temperature increased up to 25° 
Centigrade. He found little difference in the quantity of water 
absorbe'd by corn of either a high or low oil content. When 
high and low protein strains were compared, he found that the 
high protein kernels with a hard vitreous texture absorbed the 
least water. Disease resistant lots from two varieties absorbed 
less water in 24 hours than two starchy, more susceptible, se-
lections. 
Bakke and Erwin (5 ) at the Iowa Agricultural Experiment 
Station, in comparing the rate of water absorption of sweet 
and dent corn, found that the sweet corn absorbed water more 
rapidly, and absorbed a greater quantity than the dent corn of 
equal maturity. Both absorbed their maximum in the same 
period of time. Samples of both sweet and dent corn of differ-
ent maturities were placed in chambers at 90, 95 and 100 per-
cent humidity. In a 100 and in a 95 percent saturated atmos-
phere the sweet corn absorbed more moisture than the dent 
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TABLE 8. MILLIGRAMS OF REDUCING AND NON-REDUCING SUGARS FOUND 
IN ONE GRAM AND IN ONE KERNEL OF AIR-DRY CORN. 
1929 1930 1931 
Sample 
Reducing I I j 
Non- Non- Non-
reducing Reducing reducing Reducing reducing 
MIllIgrams !D 1 gram 
Dough 3 . 24 16.32 2.76 14.60 1.90 20.65 
Glaze 1.92 15.44 1.96 16.24 1.55 18.00 
Full dent .92 15.20 1.36 14.40 .15 17.95 
Mature .76 12.84 1.67 14 . 13 .30 17.50 
Milligrams in 1 kernel 
Dough .55 2.78 .56 2.97 .37 4.07 
Glaze .40 3.24 .57 4.72 .40 4.66 
Full dent .21 3.54 .38 4.02 . 05 5.69 
Mature .19 3.18 .44 3.73 .10 5.59 
corn. Little difference exist ed in the 90 percent saturated at-
mosphere. Mature sweet and dent corn both had a greater 
hygroscopicity than the immature samples. 
Water was absorbed more rapidly by immature than by ma-
ture samples of corn, according to Tascher and Dungan (26) . 
Babcock (4) found that corn exposed in a saturated atmos-
phere absorbed water rather rapidly at first, then slowly until 
germination began, at which time the kernels contained some-
what less than 30 percent of water. 
Shull and Shull (25) found that as the temperature ~as 
raised there was an increase in the quantity of water absorbed 
by air-dry corn in a 3-hour period. 
Rudolfs (23) immersed a number of different kinds of seed 
in solutions of varying concentration and found that the rate of 
water absorption generally decreased as the concentration of 
the solution was raised. Some of the lower concentrations, 
however, tended to stimulate absorption. He also found that 
seed from two ears of corn grown and handled alike varied con-
siderably in the rate of water absorption. 
In determining the relation between maturity and water ab-
sorption in the study presented here, duplicate 50-gram samples 
of air-dry corn were placed in 125 milliliters of water at room 
temperature. At the intervals indicated in table 9 the water 
was drained from each sample and the excess moisture removed 
by rubbing the kernels between layers of cheesecloth. The sam-
ple was then weighed. The gain was recorded as grams of 
water absorbed. In every case the sample harvested first ab-
sorbed water most rapidly, while the glazed sample was second 
in this respect 2 out of the 3 years. This would seem to indi-
cate a positive relation between immaturity and rapidity of 
water absorption. 
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TABLE 9. THE GRAMS OF WATER ABSORBED BY 100 GRAMS OF AIR-DRY CORN 
AFTER BEING IMMERSED 1 TO 72 HOURS. 
H ours immersed 
Sample 
2 4 8 24 48 72 
1929 
Dough 16.9 23 . 9 34. 3 45 . 2 62 .2 77.5 81.5 
Glaze 14 . 7 20.4 29.2 39 . 0 52 .9 62 . 3 67 . 6 
Full dent 11.4 15.8 23.2 31. 9 45 . 0 52.0 56.1 
Mature 12.2 16.5 23.8 31. 9 45 . 0 52.1 56 . 2 
1930 
Dough 18.2 25 . 1 35.0 42 .8 60.9 74.1 82.3 
Glaze 12.3 16.3 23.0 30 . 9 44 . 4 53 . 3 58.5 
Full dent 11.9 16 . 7 23.7 32 . 1 45 .4 53.4 58 . 7 
Mature 12.7 17.8 24 . 9 33 . 2 46.1 53 .8 59.1 
1931 
Dough 15.9 22 . 7 31.6 42.3 58.7 73.3 81.4 
Glaze 13.1 18 . 4 26.2 35.1 49.7 60.8 67 .5 
Full dent 10 . 8 14 . 7 21.0 29.0 42.5 50.8 56.1 
Mature 10.1 13.9 19 . 9 27 .4 40.9 49.3 54.1 
The increased percentage of absorption in the early picked 
samples may have been caused in part by the greater surface 
area exposed through having a larger number of kernels in a 
given weight. Therefore, by using the average weight of kernel 
referred to in table 2 the quantity of water absorbed by each 
kernel was calculated. This is shown in table 10. Little differ-
ence existed in the actual quantity of water absorbed by the 
individual kernels of the different samples. Since the kernels 
harvested in the dough stage were lighter, however , the quan-
tity of water absorbed by each unit of solid material was 
greater. 
The greater attraction of a given unit of immature kernel 
for water cannot be attributed to the greater sugar content 
present. The mature sample of 1929 contained less sugar than 
the fully dented sample but absorbed water more rapidly; also 
the glazed sample of 1930 contained the greatest percentage of 
sugar of any sample of that year and absorbed water most 
slowly. 
The possil;>ility that the pericarp of the k ernels harvested . 
early was more porous than that of the fully developed kernel 
was not studied. 
According to Weatherwax (28 ) , the soft starch of the endo-
sperm has more space between its granules than does the hard 
starch. The kernels of the early harvested seed contained a 
higher proportion of soft starch than did those harvested later. 
If the soft starch was accompanied by a larger percentage of 
intergranular space, this might favor a more rapid absorption 
of water. 
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TABLE 10. THE GRAMS OF WATER ABSORBED BY ONE KERNEL OF AIR-DRY 
CORN AFTER BEING IMMERSED 1 TO 72 HOURS. 
Hours immersed 
Sample 
2 4 8 24 48 72 
1929 
Dough .029 .041 .059 . 078 .107 .133 .140 
Glaze .032 .044 .063 .084 . 115 .135 .146 
Full dent .027 .038 .055 .076 .107 . 124 . 133 
Mature .029 .039 .056 .075 . 105 .122 . 131 
1930 
Dough .037 .051 .071 .087 . 124 . 151 . 168 
Glaze .036 .047 .067 .090 .129 .155 .170 
Full dent .033 .047 . 066 .090 .127 . 149 .164 
Mature . 034 .047 .066 .088 . 122 . 142 .156 
1931 
Dough .031 .045 .062 .083 . 116 . 144 .160 
Glaze . 034 .048 . 068 .091 .129 .158 . 175 
Full dent .034 .047 .067 .092 . 135 . 161 . 178 
Mature .032 .044 .064 .088 .131 . 158 . 173 
BREAKDOWN 
When seed corn is planted in the soil it is exposed to the 
attack of various organisms. If the soil should be cool and con-
tain an excessive quantity of moisture the processes of germina-
tion and growth will be retarded. This gives the organisms a 
longer period of time in which to develop. A kernel which 
would withstand these conditions would be desirable. The fol-
lowing study was made, therefore, to determine the relative 
ability of kernels differing in maturity to resist such attacks. 
The effects of such organisms and of the physical conditions 
which cause the kernel to disintegrate or decompose are re-
ferred to in this publication as "breakdown." 
In addition to planting kernels in soil they were immersed 
in water and observations made at intervals. Two factors were 
used as indicators of breakdown. The first was loss of via-
bility, and the second was the quantity and composition of ex-
tract present in the water in which the sample had been im-
mersed. While it is true that placing the samples in water was 
a more severe treatment than they would have received had 
they been placed in the soil, and is not wholly comparable with 
seedbed conditions, yet it is believed that some indication of the 
relative resistance of the samples to decomposition or break-
down was obtained. 
EFFECT OF IMMERSION UPON VIABILITY 
Babcock (4) found that viable corn germinated only 60 per-
cent after being immersed in 20 times its weight of boiled water 
for 72 hours. Thornber (27) planted 23 kinds of seed in soil 
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and kept this flooded for 30 days to r epresent flood conditions. 
The water was permitted to drain off for 8 days, after which 
t he seed was placed in a germinator. Several kinds gave a 
rather high percentage of germination. Brazil Flour corn was 
included but did not germinate. In studies preliminary to the 
above work, V. A. Clark found that field corn germinated 15 
percent after being immersed in water for 14 days. 
Coupin (9) immersed 23 different kinds of seed in water to 
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Fig. 3. The germination of the samples after being immersed in water 
different periods of time. The Immature kernels lost their viability more rap-
idly than those more mature. 
determine how long they would remain viable. When the water 
was not changed he found the viability of maize was not com-
pletely destroyed until the end of 10 days. When soaked in 
running water for 24 and 48 hours he found that maize germi-
nated 85 and 89 percent, respectively, while in still water the 
germination was 84 and 80 percent. Morinaga (21) placed a 
large number of different kinds of seed under water and while 
some kinds germinated, maize which germinated 100 percent 
on filter paper, did not germinate at all when kept immersed. 
In our study 200 kernels of each sample were immersed in 
water for definite periods of time and then placed between 
moist blotting paper in the germinator. The percentage which 
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TABLE 11. THE PERCENTAGE GERMINATION OF 200 KERNELS AFTER BEING 
IMMERSED IN WATER FROM 1 TO 72 HOURS. 
Sample 
II Hours immersed 
Check -1 -1-2 -1-4 -]-8 -1-24-1-48-1-72-
1929 
Dough 98 97 94 95 81 59 36 22 
Glaze 98 98 98 99 97 92 75 56 
Full dent 99 99 99 100 100 99 96 85 
Mature 99 99 98 98 98 98 80 66 
1930 
Dough 98 96 93 97 87 76 54 25 
Glaze 98 96 97 93 93 85 74 72 
Full dent 97 96 99 98 98 100 91 75 
Mature 98 97 98 96 97 97 77 71 
1931 
Dough 96 100 97 98 99 96 81 72 
Glaze 99 99 99 98 98 99 93 80 
Full dent 98 99 97 99 98 99 95 93 
Mature 97 95 98 94 97 97 95 87 
germinated is indicated in table 11. The check percentages 
were obtained from 600 kernels previously germinated. 
For each of the 3 years there was a definite tendency for the 
most immature sample to lose its viability first. The samples 
of 1931 retained their ability to germinate ionger than did the 
corresponding samples of either 1929 or 1930. 
Oxygen probably was the limiting factor when the kernels 
were immersed. Two factors contributed to the exhaustipn of 
the oxygen supply. The water became rather cloudy before the 
end of 72 hours, because of the growth of microorganisms 
which helped deplete the oxygen supply. This turbidity :first 
became noticeable in the most immature sample. The second 
factor contributing to the exhaustion of the oxygen supply was 
respiration. The early harvested kernels probably had the most 
rapid rate of respiration. The available supply of oxygen was 
first exhausted by them. Consequently they lost their viability 
more quickly than the kernels harvested at a later date. 
EXTRACT IN SOLUTION AFTER IMMERSION 
The studies of the effect of immersion on viability indicated 
that when kernels were immersed in water microorganisms de-
veloped. In determining the quantity of material passing from 
the kernels into solution, preliminary trials were made in an 
attempt to inhibit the growth of these microorganisms. The 
first preliminary test was made by using a solution of 1 part 
in 3,000 of germasan, a mercury cresol-sodium cyanide com-
pound. Ten 25-gram samples of each stage of maturity of the 
1931 crop were immersed in 65 milliliters of the solution. At 
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the end of 2, 8, 24, 48 and 72 hour periods the solution was re-
moved from duplicate samples. One-half was evaporated to de-
termine the quantity of solute. The other half was used to de-
termine the total percentage of reducing material by the Mlm-
son-Walker method. Fifty kernels from each sample were 
placed in a germinator to determine the effect on viability. The 
grams of reducing material and total solute from 100 grams of 
corn, together with the percentage of the kernels which germi-
nated at the end of each period, are given in table 12. 
The quantity of reducing material was greater in the solution 
from the most immature kernels than from the others. The sec-
ond greatest quantity was in the solution from the sample har-
vested in the glazed stage; little difference existed between the 
two more mature samples. Immersion had little effect on the 
germination of the four lots. 
While this preliminary trial gave an indication of the results 
to be expected when comparing the samples harvested at differ-
ent stages of maturity, it was thought that possibly toluene 
might be a more satisfactory substance to use for the purpose 
of inhibiting the growth of the microorganisms. In addition 
·TABLE 12. THE QUANTITY OFITOTAL MATERIAL AND!OF REDUCING SUB-
STANCES IN THE GERMASAN SOLUTION AFTER THE CORN 
HAD BEEN IMMERSED FROM 2 TO 72 HOURS. 
Hours immersed I 
2 
8 
24 
48 
72 
2 
8 
24 
48 
72 
2 
8 
24 
48 
72 
2 . 
8 
24 
48 
72 
Grams reducing SUb-I Grams solute from 
stances calculated as 100 grams corn 
dextrose 
.249 
.260 
.247 
.350 
.307 
.105 
.111 
.165 
.179 
.163 
.042 
.047 
.053 
.079 
.113 
. 030 
.016 
.066 
.058 
. 142 
Dough 
Glaze 
Full dent 
Mature 
.313 
.306 
.253 
.601 
.571 
.021 
.124 
.129 
.233 
.276 
.062 
.001 
.000 
.144 
.244 
.000 
.016 
.118 
.104 
.313 
I Percentage germina-tion of corn after immersion 
97 
99 
95 
95 
92 
97 
95 
99 
96 
98 
96 
95 
98 
97 
98 
98 
93 
95 
93 
98 
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its use did not have the disadvantage of adding a solid which 
would occur as dry material when the solution was evaporated. 
Consequently this was tried in a second preliminary test in com-
parison with a solution of germasan, as described below. 
Eighteen 25-gram samples of well matured corn were im-
mersed in 65 milliliters of water and a few drops of toluene 
added to each. Eighteen similar samples were immersed in 65 
milliliters of a solution consisting of 1 part germasan to 3,000 
parts of distilled water. The solutions from duplicate samples 
were examined at the intervals indicated in table 13 for re-
ducing substances, and total extract present. Fifty kf'rnels of 
each sample were used to determine the percentage of germina-
tion. 
TABLE 13. THE EFFECT UPON 100 GRAMS OF CORN WHEN IMMERSED 120 
HOURS IN WATER PLUS TOLUENE, AS COMPARED 
WITH GERMASAN SOLUTION. 
Reducing substances cal- Total extract Percentage 
Hours culated as dextrose germination 
immersed 
Toluene Germasan Toluene Germasan Toluene Germasan 
1 .034 .017 .000 .017 98 99 
2 . 011 .008 .011 .000 93 99 
4 .011 .000 .032 .000 93 100 
8 .011 .017 .054 .008 84 99 
24 .062 .000 .116 . 028 65 99 
48 . 148 .057 .178 .055 56 100 
72 .206 .037 .366 .035 34 100 
96 .174 .031 .317 .134 36 99 
120 .254 .028 .551 .145 14 99 
The kernels immersed in the germasan solution germinated 
99 percent at the end of 120 hours. The samples to which 
toluene was aGlded decreased in viability, germinating only 14 
percent at the end of 120 hours. 
The quantity of reducing material present in the germasan 
solution reached its maximum at the end of 48 hours. In the 
sample to which toluene was added the quantity increased rap-
idly at the end of 24 hours and continued to increase through-
out the period. At all times it exceeded the quantity in the 
germasan solution. 
When a few drops of toluene were added the viability was de-
stroyed more rapidly than with the germasan, indicating a 
toxic effect for the toluene. This is in agreement with an addi-
tional test made to compare the viability of samples immersed 
in water with and without toluene. In this test the kernels im-
mersed in the water to which toluene had been added were all 
dead at the end of 72 hours. The dough stage kernels immersed 
in pure water germinated 34 percent as compared with 83, 98 
and 98 for the glazed, fully dented, and mature samples, respec-
tively. A greater quantity of extract also was found in the 
solution to which toluene was added. 
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An appreciable quantity of extract did not appear in the 
germasan solution until the sample had been immersed 24 hours. 
In the toluene solution a definite increase in the quantity of ex-
tract occurred after the kernels had been immersed 4 hours. 
QUAN'fITY OF EXTRACT 
The preliminary experiments indicated that breakdown oc-
cUlTed rather rapidly when toluene was used. Toluene also had 
the advantages of evaporating without leaving a residue and of 
controlling the microorganisms. Therefore it seemed desirable 
to add a few drops of toluene to the water in which the kernels 
were immersed in studying the relation between maturity and 
the material extracted by immersion. Though it is realized that 
the results obtained are due in part to resistance to toluene 
they also represent differences due to maturity of the samples 
at the time of harvest. 
Fifty grams of each sample of the 1929, 1930 and 1931 seed 
were immersed in 125 milliliters of water and a few drops of 
toluene added. Duplicate samples were used, and the experi-
ment was repeated three times. The results, given in table 14, 
are the means of all repetitions. A refractometer was used to 
determine the quantity of material in solution. A check read-
ing was obtained before the corn was immersed, and readings 
made at regular intervals. The final readings were made after 
the kernels had been immersed 72 hours. The solution was then 
removed and evaporated, and the weight of the residue deter-
mined. The total extract obtained in 72 hours was divided by 
the net refractometer reading at that period to establish a dry 
TABLE 14. GRAMS OF MATERIAL IN SOLUTION FOR EACH 100 GRAMS OF CORN 
IMMERSED FROM 1 TO 72 HOURS. 
Hours immersed 
Sample 
2 4 8 24 48 72 
1929 
Dough .390 .488 .569 .619 .989 1.593 2.344 
Glaze . 265 .304 .346 .374 .499 1.117 1. 759 
Full dent .141 .232 ,263 .263 .414 .924 1.496 
Mature .146 .194 .248 .248 .416 .861 1.506 
1930 
D ough .384 .510 .546 .654 1.515 2.319 2.802 
Glaze .115 .189 .205 .193 .677 1.270 1.900 
Full dent .017 .068 .068 .241 .550 1.117 1.830 
Mature .034 .034 . 034 . 052 .547 1.223 1.873 
1931 
Dough .069 .176 .294 .333 .431 1.223 1.733 
Glaze .044 . 071 .177 .204 .230 .807 1.321 
Full dent .055 .028 .129 .148 .148 .673 1.098 
Mature .068 .019 . 097 .135 .145 . 735 1.161 
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matter refractive index ratio . From this ratio the quantity of 
extract at t he previous readings was calculated. 
I n each instance the greatest quantity of solute was obtained 
from t he sample harvested in the dough stage, and in p racti-
cally every case the second greatest quantity was obtained 
when the glazed sample was used. The quantity of extract 
from t he fully dented and the mature samples differed little. 
These data point to a positive relationship between immaturity 
and breakdown as evidenced by extract in the solvent. 
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TABLE 15. MILLIGRAMS OF SOLIDS IN SOLUTION FOR EACH KERNEL IM-
MERSED FROM 1 TO 72 HOURS. 
Hours immersed 
Sample 
2 4 8 24 48 72 
1929 
Dough .67 .84 .98 1.06 1. 70 2.73 4.02 
Glaze .57 .66 .75 .81 1.08 2.42 3.81 
Full dent .34 .55 .63 . 63 .98 2.20 3.55 
Mature .34 .45 .58 .58 .97 2.01 3.52 
1930 
Dough .78 1.04 1.11 1.33 3.09 4.72 5.71 
Glaze .33 .55 . 60 .56 1.97 3.69 5.52 
Full dent .05 .19 .19 .67 1.54 3.12 5.11 
Mature .09 .09 .09 .14 1.44 3.23 4.94 
1931 
Dough .14 .35 .58 .66 .85 2.41 3.41 
Glaze .11 .18 .46 .53 .60 2.09 3.42 
Full dent .18 .09 .41 .47 .47 2.14 3.49 
Mature .22 .06 .31 .43 .46 2.35 3.71 
By using the kernel weight previously indicated the average 
quantity of extract from one kernel was calculated. These data 
are given in table 15. Generally, more material was present in 
solution for each kernel of the dough stage corn than for the 
others. The increase, however, was not so great as when ex-
pressed on a percentage basis. 
These data clearly indicate that material was diffusing out 
of the kernels into the solution. These also indicate that this 
movement was more rapid on a percentage basis when imma-
ture kernels were used, showing that immature kernels began 
to break down or disintegrate first. No doubt a high per-
centage of the kernels was dead at the end of 72 hours. The 
releasing of material into solution is probably hastened by the 
death of the kernel. To conclude that it came only from dead 
kernels, however, would hardly be justified. The data in table 
13 indicate that extract was present in the germasan solution 
at the end of 24 hours and continued to increase until the ker-
nels were removed at the end of 120 hours, yet when removed 
the kernels were 99 percent viable. While the quantity of ex-
tract present in the germasan solution was only about one-
fourth the amount present when toluene was used, nevertheless 
the data indicate that some extract was removed from living 
kernels. 
COMPOSITION OF EXTRACT 
Babcock (4) placed corn in 20 times its weight of boiled 
water, and changed the water 6 times during 48 hours. The 
first extract reduced Fehling's solution to a considerable de-
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gree, and each subsequent extract reduced it less-the last, very 
little. 
In experiments herein reported a partial determination of the 
composition of the material in solution was made in the follow-
ing manner. Duplicate 25-gram samples of grain were im-
mersed in 65 milliliters of water and a few drops of toluene 
added. The solution was removed from duplicate samples after 
1, 8 and 72 hours. One-half of the solution was evaporated for 
total dry matter. The other half was used to' determine the 
quantity of reducing and total sugars according to the Munson-
Walker method. Table 16 indicates the grams of reducing and 
of total sugars obtained in solution by immersing 100 grams of 
corn. 
The quantity of sugar present increased as the length of time 
of immersion increased. In all samples, however, the greatest 
quantity was found in the solution from the dough stage corn. 
The second largest quantity was in the extract from the glazed 
sample. At the end of 72 hours the quantity from the matnre 
and the fully dented corn differed little. 
It has been shown previously that the greater portion of the 
sugar present in the air-dry kernel was non-reducing. Non-
reducing sugars were not present in the solution in which the 
kernels had been soaked for 72 hours, thus suggesting that the 
non-reducing sugars were hydrolyzed to simpler compounds 
TABLE 16. GRAMS OF REDUCING AND OF TOTAL SUGAR CALCULATED AS DEX-
TROSE, IN SOLUTION FOR EACH 100 GRAMS OF CORN WHEN 
IMMERSED 1,8, AND 72 HOURS. 
Hours 1929 I 1930 1931 immersed 
I Reducing I Total Reducing Total Reducing Total 
Dough 
1 .242 .343 . 200 . 268 .116 .144 
8 .338 .357 . 316 .312 . 240 .272 
72 1.089 1.080 .800 . 824 1.560 1.560 
Glaze 
1 . 072 .088 .096 .136 . 080 .072 
8 . 104 .096 .204 .196 .156 .188 
72 . 864 .864 . 916 .940 1.312 1.208 
Full dent 
1 .024 . 044 .040 .036 .020 .024 
8 .052 .048 .092 . 092 .040 .064 
72 .552 . 580 .736 . 756 1.208 1.228 
Mature 
1 . 028 . 040 .040 .040 .000 .000 
8 .040 . 036 . 044 . 060 . 012 .048 
72 . 656 . 704 . 772 . 744 1.292 1.220 
87 
TABLE 17. THE REDUCTION OF SUGARS AS A RESULT OF IMMERSING 
CORN IN WATER 72 HOURS. SUGARS EXPRESSED IN 
PERCENTAGE OF CORN USED. 
1929 1930 1931 
Reduc- I Non-re- Reduc- I Non-re- Reduc- I Non-re-iog ducing ing ducing ing ducing 
Dough 
A ir-dry corn .324 1.632 .276 1.460 .190 2.065 
(A) Solution 1.088 .000 .800 .024 1.560 .000 
(B) Immersed kernels .815 . 100 1.010 .115 . 720 .115 
Total A+B 1. 903 .100 1.810 .139 2.280 .115 
Gain 1.579 1.534 2 . 090 
Loss 1.532 1.321 1.950 
Glaze 
Air-dry corn . 192 1.544 .196 1.624 .155 1.800 
(A) Solution .864 .000 .916 .024 1.312 . 000 
(B) Immersed kernels .685 .065 .545 .225 .615 . 085 
Total A+B 1.549 .065 1.461 .249 1.927 .085 
Gain 1.357 1.265 1.772 
Loss 1.479 1.375 1.715 
Full dent 
Air-dry corn .092 1.520 . 136 1.440 .015 1. 795 
(A) Solution .552 .028 .736 .000 1.208 .020 
(B) Immersed kernels .475 .150 .750 .165 .505 .090 
Total A+B 1.027 . 178 1.486 .165 1. 713 .110 
Gain .935 1.350 1.698 
Loss 1.342 1.275 1.685 
Mature 
Air-dry corn .076 1.284 . 167 1.413 . 030 1.750 
(A) Solution .656 . 048 .772 . 000 1.292 .000 
(B) Immersed kernels .525 . 115 .545 .180 .400 . 090 
TotalA+B 1.181 . 163 1.317 .180 1.692 .090 
Gain 1.105 1.150 1.662 
Loss 1.121 1.233 1.660 
upon passing into the solution, or while remaining in the water-
soaked kernel. The quantity of reducing and non-reducing 
sugars in the soaked kernels was determined as shown in table 
17. The data indicate that a relatively small proportion of the 
sugar remaining in the kernel was non-reducing. By compar-
ing the sum of the sugars found in the solution plus that in the 
soaked kernel, with the quantity found in the air-dry corn the 
degree of change from non-reducing to reducing sugars can be 
observed. The gain in reducing sugars practically equals the 
decrease in non-reducing sugars. The greatest discrepancy be-
tween the two occurred in the fully dented sample of 1929 in 
which the gain in reducing sugars accounts only for about 75 
percent of the non-reducing sugars lost. These figures suggest 
that hydrolysis of non-reducing sugars had a greater influence 
upon the carbohydrate picture than either digestion of starch 
or respiration. Possibly the poor aeration within the immersed 
kernels reduced the digestion and respiration rates. The greater 
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TABLE 18. THE PERCENTAGE OF EXTRACTED MATERIAL WHICH WAS RE-
DUCING AND ALSO TOTAL SUGARS. 
1929 
I 
1930 
I 
1931 
Sample 
Reducing I Reducing I Total Reducing I Total Total 
'One hour 
Dough 60.96 
I 
86.40 
I 
50.25 67.34 87.61 
I 
108.76 
Glaze 39.13 47.83 47.52 67.33 40.00 72.00 
Full dent 23.30 42.72 32 . 00 28.80 16.03 38.46 
Mature 35.44 50.63 29 . 41 29.41 0.00 0.00 
Eight hours 
Dough 61.90 65.38 58.30 57.56 65.22 73.91 
Glaze 50.24 46.38 57.96 55.68 65.33 78.73 
Full dent 52.53 48 . 48 62.16 62.16 52.63 84.21 
Mature 51.95 46.75 30.34 41.38 25.64 10.26 
Seventy-two hours 
Dough 50.79 50.42 54.16 55.79 61.79 61. 79 
Glaze 46.78 46 .78 60 . 99 62.58 63.36 58.33 
Full dent 49.55 52.06 53.80 55.26 56.95 57.89 
Mature 47.81 51.31 55.90 53.87 55.69 52.59 
proportion of reducing sugars in solution when compared with 
that in the kernel may be explained, in part at least, by assum-
ing that the smaller molecules of these sugars penetrated the 
pericarp of the kernel more readily. 
In eight out of nine comparisons in table 18, the extract from 
the immature kernels had a greater percentage of reducing ma-
terial than the extract from the more mature kernels. The per-
centage of solute which was reducing substances varied little 
with the time immersed. The solute from the mature sample 
of 1931 contained no reducing substances after being immersed 
1 hour, but it was more. than half reducing material at the end 
of 72 hours. The high percentage of sugar indicated for the 
dough sample of 1931, after being immersed 1 hour, resulted 
from the use of separate samples to obtain the total extract and 
the total sugar. determinations rather than to error in technique. 
It was apparent that substances other than sugars were pres-
ent in the solution. Therefore a second set of solutions was ob-
tained in the same manner as previously described. The quan-
tity of total nitrogen in the second set was determined by the 
Kjeldahl method. The extract from corn harvested in the 
dough stage had more millignims of nitrogen at 1, at 8 and at 
72 hours than the others. With two exceptions, the solutions 
from the mature samples contained the smallest quantity of 
nitrogen. The quantity present increased as the period of im-
mersion was extended. 
DIASTASIC ACTIVITY 
Tascher and Duncan (26), when using ungerminated corn, 
found little difference between the activity of the starch-dis-
solving enzymes in horny and floury corn; however, this activi-
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TABLE 19. MILLIGRAMS OF NITROGEN EXTRACTED FROM 25 GRAMS OF CORN 
WHEN IMMERSED 1, 8 AND 72 HOURS. 
HOUTS immersed 
Sample 
8 72 
1929 
Dough 2.736 6.430 17.978 
Glaze 1.026 1.040 8.812 
Full dent 1.680 1.436 6.868 
Mature .280 .958 6.594 
1930 
Dough 1. 752 2.626 11.780 
Glaze 1.162 1. 752 8.948 
Full dent .780 1 .162 7.840 
Mature .774 ·.794 7.976 
1931 
Dough 1.026 2.804 10 .946 
Glaze .712 1.506 8.072 
Full dent .452 1.368 5.638 
Mature . 178 . 616 7.826 
ty was greater for immature than for mature corn. When 
germinated corn was used no difference was found in the dias-
tasic activity of the mature and immature corn. Horny kernels 
appeared to have a more active diastase than floury corn. A 
smaller quantity of reducing sugars was found in the germin-
ated horny kernels than in those which were -floury, indicating 
that the sugars were formed more slowly or were used more 
rapidly by the seedlings. 
Brenchley (7) found that the diastasic activity of the barley 
kernel increased for 24 to 33 days after fertilization, depending 
upon the variety, after which time it decreased rapidly for a 
few days, followed in turn by a constant activity. 
Pickler (22) concluded that the diastase formed in the bar-
ley grain increased with the water content. He further con-
cluded that the rate of formation of diastase was also influenced 
by temperature but not to as great an extent as by the moisture 
content. .; I >U~ 
In our investigation a study was made to determine the rela-
tive activity of the diastase of the different samples. Two-gram 
samples of finely ground, air-dry corn were used. These were 
placed in flasks to which 50 ml. of a 0.2 percent starch solutjon 
was added, and the samples incubated at 40° Centigrade for 3 
hours. Upon removal from the incubator they were brought to 
a boil to prevent further diastasic activity. The milligrams of 
reducing substances present were determined by the Munson-
Walker method. Check samples were treated in the same man-
ner, except that they were brought to a boil before placing in 
the incubator. The quantity of reducing substances found in 
the check sample was subtracted from the total, and the re-
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mainder was assumed to be formed by the diastase present in 
the 2 grams of corn. The milligrams formed are indicated in 
table 20. 
TABLE 20. THE MILLIGRAMS OF REDUCING SUBSTANCES, CALCULATED AS 
DEXTROSE, FORMED BY 2 GRAMS AND BY 10 KERNELS WHEN 
INCUBATED FOR 3 HOURS. 
Sample 1929 1£30 1931 
Milligrams formed by 2 grams 
Dough 27.0 32 .5 24.5 
Glaze 24.5 23 .0 21.8 
Full dent 14 .0 10.5 20.0 
Mature 12.5 16 .0 24 . 0 
Milhgrams formed by 10 kernels 
Dough 23.2 33.1 24.1 
Glaze 26.5 33 .4 28.2 
Full dent 16 .6 14.7 31.7 
Mature 14 .6 21.1 38.3 
A direct decrease in diastasic activity for each unit of meal oc-
curred as the samples became more mature, with the exception 
of the mature samples of 1930 and 1931 which gave evidence of 
greater activity than the fully dented kernels. The data were 
analyzed statistically as shown in table 21. The differences in 
quantity of reducing substances formed by the samples of dif-
ferent maturities were found to be significant. The greater 
diastasic activity of the immature kernels may have been caused 
in part by the greater number of kernels in 2 grams resulting 
in a smaller proportion of endosperm. Consequently the quan-
tity of reducing material produced by 10 kernels was, calcu-
lated. This did not entirely substantiate the above assumption. 
In the 1929 and 1930 seed the dough and glazed samples had 
greater diastasic activity for a given number of kernels than 
did the fully dented and mature samples. In 1931 the reverse 
was true. 
TABLE 21. ANALYSIS OF VARIANCE OF THE REDUCING SUBSTANCES, CAL-
CULATED AS DEXTROSE, FORMED BY 2 GRAMS WHEN 
INCUBATED FOR 3 HOURS. 
Source of D egree of Mean Calculated Five percent 
variation freedom square " z" "z" 
Maturity 3 206.34 1.4461 .6250 
Year 2 22.08 . 3287 .6786 
Maturity x year 6 43.66 . 6597 .5487 
Experimental error 12 11.44 
PLANT DEVELOPMENT 
Some advantages might be expected from seedlings that be-
gin to grow vigorously and proceed at a rapid rate until they 
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become well established. Such seedlings are not so likely to be 
injured by seedling disease organisms as those which start slow-
ly and do not develop at a maximum rate. A study, therefore, 
was made of the rapidity of early development by plants from 
the kernels harvested at different stages of maturity. 
Dungan (11), at the Illinois Agricultural Experiment Station, 
found that the radicle of the more immature kernels appeared 
more rapidly than that of the mature kernels, but that the per-
centage of germination of the mature k ernels was greatest at 
the end of 4 days. When a comparison was made of the rapidi-
ty of germination of samples stored with 6.1, 12.6 and 19.2 per-
centage of moisture, the high moisture kernels germinated most 
rapidly at 20° and 25° Centigrade. At 30° Centigrade little 
difference existed. High protein corn with a hard, vitreous tex-
ture was slower to start germinating at 20° Centigrade than 
the more starchy, low protein corn. At 25° and 30° Centigrade 
little difference was noted. The seedlings of the higher protein 
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PERCENTAGE OF MOISTURE AT HARVEST 
corn were 86 percent 
longer at 30 degrees, 
and 53 percent longer 
at 25 degrees, than 
those of low protein 
corn grown at equal 
temperatures. Tascher 
and Dungan (26) found 
that immature kernels 
produced a greater per-
centage of radicles in 
48 hours than mature 
kernels. In the same 
length of time the re-
verse was true with the 
p 1 u m u 1 e s produced. 
Briggs (8) found that 
more than half the im-
mat u r e kernels of 
wheat had germinated 
in 30 - hours as com-
pared with none of 
those fully matured. Fig. 5. The p ercentage of viable kernels 
in which the radicle had broken through the The early develop-
hull 34 hours after plaCing in the germinator. ment of the seedlings in 
our experiments was 
studied in a Minnesota germinator in which the shelf was 
covered with blotting paper. The kernels were placed betwren 
two additional layers of blotting· paper. Such an arrangement 
supplied the kernels with a uniform quantity of moisture. No 
variation was observed in the rapidity of germination on differ-
ent parts of the shelf. ·With each replication, however, the 
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TABLE 22. THE PERCENTAGE OF THE VIABLE KERNELS FROM WHICH THE 
RADICLE HAD EMERGED 34 HOURS AFTER PLACING 
IN THE GERMINATOR. 
1929 1930 1931 
Sample 
Viable Percentage Viable Percentage Viable Percentsse 
kernels emerged kernels emerged kernels emerge . 
Dough 728 86 613 66 717 52 
Glaze 749 68 620 32 737 33 
Full dent 749 65 620 28 734 19 
Mature 746 69 616 25 727. 19 
kernels were shifted from one side to the other to eliminate 
any differences which might have occurred. 
The first observations were made after the kernels had been 
in the germinator 34 hours, when the percentage of kernels with 
the radicle emerged was determined. Any radicle through the 
pericarp was considered to be emerged. More than 700 viable 
kernels of the 1929 and 1931 seed and more than 600 of that 
of 1930 were used. The data are given in table 22. They indi-
cate that the immature kernels started germinating more rap-
idly than those more fully developed. 
Previous data indicated that water was absorbed more rap-
idly by the immature kernels, in proportion to their weight. 
This may permit an earlier hydrolysis of stored food supplies. 
With the exception of 1931 the diastase in the immature kernels 
was more active than in the others. It was also found that the 
percentage of sugar was greater in the immature kernels than 
in those harvested at a later date. This additional supply of 
readily available food together with the more rapid water ab-
sorption and greater diastasic activity no doubt contributed to 
the rapid germination. 
SEEDLING DEVELOPMENT 
Inasmuch as the germinating processes began more quickly 
with the immature than with the mature seed, the next study 
was that of the relative development of the seedlings following 
the emergence of the radicle. 
Tascher and Dungan (26) concluded that after being in the 
germinator 7 days the weight of the seedling and remaining 
endosperm increased with the maturity of the corn seed. They 
found the weight of the seedling to equal 21.59 percent of the 
immature air-dry kernel weight and 15.68 percent of the mature 
kernel. They found little difference in the efficiency of the im-
mature and mature kernels for producing seedlings when based 
upon the differences in weight of the original kernel and the 
kernel residue. Further comparisons indicated that the seed-
lings of horny corn were heavier in comparison with the origi-
nal kernel weight than with floury corn. When samples of the 
same variety containing different proportions of soft starch 
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were used, those more horny produced the heaviest seedlings. 
A direct relation was found between maturity and seedling 
weight. 
In the results presented here the total dry seedling weight 
from 150 kernels was obtained at daily intervals beginning 
when they had been in the germinator 48 hours. The weight of 
the seedlings from the dough stage corn of 1929 was lighter 
than from the other samples at each weighing, while the dough 
stage seed of 1930 and 1931 produced lighter seedlings when 
they had been in the germinator 5 and 6 days. 
The data, as presented in table 23, indicate that while the 
seedling weight from the more immature kernels may be equal 
to or greater than the others at first, under the conditions of 
this experiment they were surpassed in growth by the others 
in from 4 to 5 days. 
RELATIVE RADICLE AND PLUMULE DEVELOPMENT 
The seedlings previously referred to were separated into radi-
cle and plumule and the dry weight of each obtained. The 
separation was made at the point of attachment to the scutel-
lum. 
The dry weight of the plumules after the kernels had been 
in the germinator 2, 3, 4, 5 and 6 days is given in table 23. 
These data indicate that while the relative weight of the plum-
ule from the immature kernels tended to be greatest for the 
first 3 days, the weights equalized at the end of 4 days, and that 
of the mature kernels exceeded that of the immature kernels at 
the end of 5 days. 
The dry weight of the roots is given in table 23. The root 
weights agree very closely with the top weights. Although the 
seedlings from the immature kernels had the greatest root de-
velopment at first, the advantage thus gained was retained for 
only about 3 days. The early growth of the 1929 seed corn, an 
early maturing variety, seems to be more rapid than for the 
seed used in 1930 and 1931. A greater percentage of the ker-
nels had the radicle emerged in 34 hours time than was true 
with the seed of the 2 later years. The study of top, root and 
total seedling weights indicates that the development of the 
seedling of the dough stage corn had already been surpassed by 
the more mature samples in 2 days while this did not occur 
with the 1930 and 1931 seed until the end of the third and 
fourth days. 
As was to be expected, in all cases the proportion of top to 
root increased each of the 6 days in the germinator. In 1929 
the increase was from 27 to 50 percent. In 1930 the proportion 
increased from 31 to 41 percent. Tn 1931 the gain was from 34 
to 47 percent. 
TABLE 23. THE DRY WEIGHT IN GRAMS OF THE TOTAL SEEDLINGS, THE TOPS, AND ALSO ROOTS FROM 150 KERNELS 2,3,4,5 AND 
6 DAYS AFTER PLACING IN THE GERMINATOR. 
Sample I ~~ I ~~ I ~~ I ~~ I ~~ 19291 9301~19291 93O1~19291 93O1~19291 93O1~19291 93O1~ 
Total weight of seedlings 
Dough 1.06 .85 .86 2.59 2.20 1. 74 3.58 3.31 2 . 76 4.86 3.97 4.41 5.77 5 . 34 6.09 
Glaze 1.11 . 71 . 81 2 . 78 2.08 1.79 4.39 3 . 24 2.93 6.78 4.90 5.23 7.01 6.73 6.86 
Full dent 1.19 .73 .73 3.06 1.93 1. 79 4.93 3.45 2.74 6.31 5.12 5.60 8.32 6.97 7.26 
Mature 1. 29 .86 .87 3 .08 1.81 1.50 4.68 3.04 2 . 90 6.93 4.08 5.09 8 . 48 6.05 7.04 
Weight of tops 
Dough . 29 . 25 . 29 .90 .69 .52 1.40 1.12 .98 2.34 1.49 1.84 2.95 2.33 3.09 
Glaze .30 .22 .27 .95 .64 .48 1.68 1.02 . 90 3.30 1.88 2.02 3.38 2.60 3.25 
Full dent . 32 .23 . 25 1.03 . 62 .47 2 .00 1.10 .72 3.06 1.97 1.93 4.07 2.83 3.21 
Mature . 34 . 21 .24 1.07 . 55 .43 1. 91 .94 .80 3.39 1.53 1. 81 4.32 2.42 3.07 
Weigh t of roots 
Dough .77 . 60 .57 1.69 1.51 1.21 2.18 2.19 1.78 2.52 2.48 2.57 2.82 3.01 3.00 
Glaze . 81 . 49 .54 1.83 1.44 1.31 2.71 2 . 22 2.03 3.48 3.02 3.21 3.63 4.13 3.61 
Full dent . 87 . 50 .48 2.03 1.31 1.32 2.93 2 . 35 2 . 02 3.25 3.15 3.67 4.25 4 .14 4.05 
Mature .95 .45 .43 2.01 1.25 1.07 2.77 2.10 2.00 3.54 2.55 3.28 4.16 3.63 3.97 
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Fig. 6. Tota l dry weight of seedlings after being in the germinator 2. 3, 
4, 5 and 6 days. 
PFRCENTAGE OF KERNEL WEIGHT LOST 
At the time of weighing the seedlings, the weights of the ker-
nel residues were also obtained. These weights, plus the dry 
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weight of the seedlings, were subtracted from the dry weights 
of the original kernels. The percentage of the original kernel 
weight lost, mainly by respiration, was calculated. 
In no case did consistent differences exist between the differ-
ent samples in percentage of kernel lost by respiration at the 
end of the second day. For the third and fourth days the loss 
was greatest for the dough stage samples. During the latter 
part of the growth period a definite trend existed showing that 
the more immature kernels lost weight most rapidly. This 
tendency may be accounted for by those factors which stimu-
late early growth, such as rapid water absorption, a higher per-
centage of sugars, and a more active diastase. 
EARLY GROWTH IN GREENHOUSE 
The next comparison of the rapidity of growth of the differ-
ent samples was to determine from which seed the sprouts 
would first emerge at the surface of the soil. The same sam-
ples, as previously described, were used for 1931. For the 1930 
seed it was necessary to use kernels which were harvested in the 
same place and manner but which had been stored under differ-
ent conditions. The seed for 1929 was not included. 
One hundred kernels were planted in a greenhouse fiat at a 
uniform depth of 1% inches and in soil containing a high per-
centage of organic matter. This was repeated three times. The 
temperature was approximately 70° Fahrenheit. The number 
of plants emerged through the soil at the end of 16 days was 
considered as 100 percent. The number of plants emerging each 
day was counted as recorded in table 24. In each instance the 
plants from the dough stage seed were the slowest to emerge, 
followed in turn by those from the glazed seed. The maximum 
was reached at the end of 15 days for the mature 1930 seed. 
For the 1931 seed the maximum number of seedlings from the 
mature seed were through the surface at the end of 10 days. 
These data agree with those previously noted. The more imma-
ture kernels probably started to germinate first but were over-
taken in a few days by the seedlings from the more mature 
kernels. 
In the last replication the plants were cut off at the surface 
of the soil on the sixteenth day, placed in an oven and dried to 
a moisture-free basis. The mean 'Weight of each plant was then 
calculated, as given in table 25. For seed of both years a trend 
existed showing greater plant weight as more mature seed was 
used. 
RAPIDITY OF GROWTH IN THE FIELD 
Hughes (16) observed that plants from horny kernels made a 
more rapid growth after appearing above the surface of the soil 
than those from starchy kernels. Harlan (15) found that 
plants grown from kernels of barley harvested 6 days after fer-
TABLE 24. THE PERCENTAGE OF THE SEEDLING WHICH WAS TOP AND ROOT AND THE PERCENTAGE OF THE ORIGINAL KERNEL 
WEIGHT LOST AFTER BEING IN THE GERMINATOR 2, 3, 4, 5 AND 6 DAYS. 
Sample I ~~ I ~~ I ~~ I ~~ \ ~~ 19291193011931192911930[1931192911930119311929119301193119291193011931 
Top 
Dough 27 30 34 35 32 30 39 34 36 48 38 42 51 44 51 
Glaze 27 31 33 34 31 27 38 31 31 49 38 39 48 39 47 
Full dent 27 32 34 34 32 26 41 32 28 48 38 34 49 41 44 
Mature 26 32 36 35 31 29 41 31 29 49 37 36 51 40 44 
Root 
Dough 73 70 66 65 68 70 61 66 64 52 62 58 49 56 49 
Glaze 73 69 67 66 69 73 62 69 69 51 62 61 52 61 53 
Full dent 73 68 66 66 68 74 59 68 74 52 62 66 51 59 56 
Mature 74 68 64 65 69 71 59 69 71 51 63 64 49 60 56 
Percentage of original kernel weight lost 
Dough 3.38 2.94 2.91 7.61 5.64 5.11 13.59 10 .22 7.83 23.20 15.27 14.67 25.71 22.60 21.66 
Glaze 4.23 2.84 2.38 7.23 3.90 4.56 7.72 8.20 7.10 14.02 12.89 12.96 20.95 19.15 18.13 
Full dent 3.17 4.08 1.49 6.40 3.84 3.33 9.03 6.83 3.68 17 .88 12.65 8.37 18.60 16.79 13.21 
Mature 4.09 1.75 1.34 6.96 4.80 4.53 9.68 7.38 1.33 19.56 18.46 7.06 19.73 18.14 12.68 
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TABLE 25. THE PERCENTAGE OF THE GROWING KERNELS WHICH WERE THROUGH THE SURFACE OF THE SOIL ON DIFFERENT 
DA YS AFTER PLANTING IN THE GREENHOUSE. 
Sample 1-5 [-6 [-7 [-8 [ 9 Days after planting 1 Percentage of ,--------------------,---- planted kernels 10 11 12 13 14 15 16 which emerged 
1930 
Dough 0 . 0 10.4 31.7 49.2 75.4 86.9 90.2 92.9 95.6 98.4 100.0 lOQ.O 61 
Glaze 0 .0 17.6 43.9 58.4 81.9 89.6 93.2 95.5 98.2 98.6 99.5 100.0 74 
Full dent 2.6 29.3 54.5 71.1 96.2 98.5 98.9 99.6 99.6 99.6 100.0 100.0 89 
Mature 1.4 40.4 58.8 74.7 94.9 98.2 98.2 98.6 98.6 99.6 100.0 100.0 92 
1931 
Dough 0.0 31.3 55.1 73.4 88.8 94.9 98.1 98.6 99.5 100.0 100.0 100.0 71 
Glaze 0.0 42.7 63.1 82.8 93.9 98.2 98.6 98.9 99.3 100.0 · 100.0 100.0 93 
Full dent 0.0 45.6 69.7 93.6 99.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 94 
Mature 0.4 45.6 71.5 90.7 99.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 93 
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TABL:\!l' 26. THE DRY WEIGHT IN GRAMS OF SEEDLING TOPS 16 DAYS AFTER 
PLANTING IN THE GREENHOUSE. 
1930 1931 
Sample 
Mean Mean 
No. plants plant weight No. plants plant weight 
Dough 66 .0623 81 .0719 
Glaze 77 .0714 95 . 0905 
Full dent 90 .0894 93 .1231 
Mature 92 . 1049 89 .1112 
tilization were very slender and the leaves very small. The ma-
ture plants were not as robust as those grown from fully devel-
oped kernels. The seedlings became more vigorous as the seed 
from which they were grown became more fully developed. 
The third study of the relative growth of the seedlings from 
the different samples was made in the fi eld during the spring 
following its selection. The height of the plants was measured 
21, 31, 41 and 51 days after planting. The height, as reported 
in table 27, was measured by stretching the leaves their full 
length. Each year the plants from the dough stage sample 
were the shortest at each of the four measurements, indicating 
TABLE 27. PLANT HEIGHT IN CENTIMETERS, 21, 31, 41, AND 51 DAYS AFTER 
PLANTING IN THE FIELD. 
1929 1930 1931 
Sample 
I I I 
No. Mean No. Mean No. Mean 
hills height Hills height hills height 
Twenty-one days after plantmg 
Dough 80 15.0 89 12.0 139 19 . 1 
Glaze 80 17.1 95 14.5 142 21.1 
Full dent 80 18.3 95 14 . 1 139 22.7 
Mature 80 18.6 96 14.0 140 22.1 
Thirty-one days after planting 
Dough 80 26.1 90 22.3 135 51.0 
Glaze 80 29.7 95 26.3 141 54.4 
Full dent 80 3l.0 93 25.9 137 58.7 
Mature 80 3l.2 96 24.6 137 57.3 
Forty-one days after planting 
Dough 80 60.1 90 44.5 134 98.8 
Glaze 80 67.8 95 5l. 7 141 101.0 
Full dent 80 71.7 93 52.6 136 107.4 
Mature 80 69.5 96 50.4 136 105.9 
FIfty-one days after planting 
Dough 80 106.7 89 92.7 133 144 . 4 
Glaze 80 116.3 95 101.4 139 146 . 0 
Full d ent 80 122.8 93 99.0 136 152.4 
Mature 80 119.1 95 98 . 4 136 150.4 
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Fig. 7. When grown in the field the plants from the immature seed wer e 
shortest when measured 21. 31, 41 and 51 days after planting, The rat e of 
growth for each unit of time was about equal after 41 days, 
a tendency for the plants from partly developed kernels to lag 
in development. 
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To determine whether or not the greater height of plants 
from fully developed kernels was caused by slower develop-
ment or by the initial smaller growth, the data in table 28 are 
presented. They indicate the centimeters of growth made by 
the different samples during each 10-day period in the field to-
gether with the growth made the first 21 days after planting. 
The growth made the first 21 days is roughly comparable with 
the other growth periods inasmuch as approximately the first 
half of the period was utilized in reaching the surface of the 
soil. All plants did not emerge at the same time, consequently 
the number of days spent in growth after they had emerged was 
not equal. It does serve, however, to point out that the initial 
growth rate of the plants from the dough stage seed was less 
than that of the other lots. 
TABLE 28. THE GROWTH IN CENTIMETERS MADE IN DEFINITE PERIODS OF 
TIME AFTER PLANTING IN THE FIELD. 
Days after planting 
Sample -----
0-21 21-31 31-41 41-51 
1929 
Dough 15.0 11.1 34.0 46.6 
Glaze 17 . 1 12.6 38.1 48.5 
Full dent 18.3 12.7 40.7 51.1 
Mature 18.6 12.6 38.3 49 .6 
1930 
Dough 12.0 10.3 22.2 48.2 
Glaze 14.5 11.8 25.4 49.7 
Full dent 14.1 11.8 26.7 46.4 
Mature 14.0 10.6 25.8 48.0 
1931 
Dough 19 . 1 31.9 47.8 45.6 
Glaze 21.1 33.3 46.6 45.0 
Full dent 22.7 36.0 48.7 45.0 
Mature 22.1 35.2 48.6 44.5 
. 'fhe proportionate difference in growth was less in the period 
41 to 51 days after planting than either of the other two periods. 
In the period 31 to 41 days after planting, the plants from the 
early harvested seed were still slower in growth, but they had 
made proportionately more growth than in the first period. In 
the fourth period all samples made about the same growth. The 
plants from the most immature seed of 1931 made the smallest 
growth in the first two periods. In the third and fourth periods 
the amount of growth was equal. These data indicate that after 
the plants reached a height of 45 to 50 centimeters the rate of 
plant growth was equal for all the different maturities. 
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The corn plants from the 1931 seed grew more rapidly than 
those of either of the other 2 years. The seed harvested in 1930 
made the slowest growth. These variations were presumably 
the result of seasonal conditions. 
In the studies on early growth of the plant it was found that 
the immature kernels were the first to become germinatively 
active. 'fhis advantage was soon lost and the weight of the 
seedling from the more mature kernels equalled those from the 
early harvested kernels in 3 to 4 days and surpassed them in 
4 to 5 days. The factors which influenced the early develop-
ment of the seedlings probably were the more rapid absorption 
of water and the greater activity of the diastase, as well as the 
greater proportion of substances readily available for use. Dur-
ing the first few days respiration was more active in the imma-
ture than in the mature kernels as evidenced by the greater 
loss in material. As the plants began to draw more heavily 
upon the reserves in the endosperm of the seed, those from the 
more mature kernels forged ahead, probably because of the 
greater food supply. When grown in the field the plants from 
the dough stage seed were consistently smaller. This is in 
agreement with the observations made in the germinator and in 
the greenhouse which indicated that while the immature ker-
nels first became germinatively active, the advantage was 
quickly overcome by the more mature kernels . 
The measurements in the field indicated th-at the plants from 
the more mature seed made the most rapid growth until a 
height of 45 to 50 centimeters was reached after which the rate 
of growth in height tended to become equal. 
Ashby (2) in summarizing his work on relation of embryo 
size to hybrid vigor states, "Hybrid vigor in these strains is 
nothing more than the maintenance of an initial advantage in 
embryo size." In an earlier publication (1) he states that" this 
advantage is retained through the life cycle." Our data on rate 
of growth as presented in this paper are not in agreement with 
the conclusions of Ashby. The size of the embryo separated 
from the scutellum was not determined in the different samples 
so that no direct comparisons can be made on this point. The 
plants in this study, however, did not maintain the uniform 
size relationship required by Ashby's hypothesis. The plants 
grown from the early harvested seed started more slowly and 
their rate of growth was less in the first weeks. According to 
Ashby this difference should have widened geometrically but 
instead it disappeared so that the later growth rates and final 
yields were uniform. 
EFFECT OF MATURITY UPON YIELD 
Kiesselbach and Ratcliff (18) found no difference in the 
ability of corn to yield when picked in September, October, No-
vember, December, February or March, when equal stands were 
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obtained. No difference was found in yields produced by corn 
harvested in the dent, mature and husking stage at the Illinois 
Agricultural Experiment Station (11) as an average of 6 years. 
Keisselbach (19) found a continuous increase in yield as the 
seed of winter wheat became further developed, when compar-
ing five stages of development from milk to maturity. After 5 
years work with King Philip corn, Goff (14) found that the 
highest yield was produced 1 year by the most immature seed, 
1 year by the fourth selection, and 3 years by the fully devel-
oped seed. Booth (6) has observed that oats did not give as high 
germinating percentage in the field as in the germinator and 
that immature kernels showed a greater difference between the 
two methods than did fully developed kernels. 
Koehler, Dungan and Burlison (20) obtained lower field 
stands and lower yields in bushels to the acre with corn har-
vested while containing 74.3 and 58.8 percent moisture than 
with those having a lower moisture content at harvest. 
In comparing the samples herein described for ability to 
yield, two comparisons were made; in one an attempt was 
made to control the stand, and in the other no effort was made 
to secure a comparable stand beyond the planting of a uniform 
number of kernels in each hill. In the comparison in which the 
stand was controlled, all samples were planted five kernels to 
the hill and later thinned. The 1929 and 1930 seed was thinned 
to three plants to the hill and that of 1931 to two. Twenty-
four-hill plots were used. The plantings were repeated 20 
times for 1929, 4 times for 1930 and 6 times for 1931. For 
plantings in which the stand was controlled by planting thick 
and later thinning, the seed harvested in the dough stage gave 
a stand equal to the other samples in 1931. In 1930 it ranged 
as much as 10 percent lower, while in 1929 it gave a stand 19.5 
TABLE 29. THE STAND AND YIELD IN BUSHELS TO THE ACRE PRODUCED BY 
THE DIFFERENT SAMPLES WITH A CONTROLLED AND ALSO 
AN UNCONTROLLED STAND. 
1929 1930 1931 
Sample 
Percentage I Percentage I Percentage I 
Yield stand Yield stand Yield stand 
Stand Controlled 
Dough 75.28 31.54 85.65 44.09 95.83 63.41 
Glaze 91.11 31.54 90.63 47.83 93.06 60.94 
Full dent 94.17 31.22 95.49 45.49 100.00 61.36 
Mature 94 .86 33.43 94.79 42.69 95.14 62.69 
Stand uncontrolled 
Dough 56.98 34.26 46.06 46 .85 
Glaze 74.03 42.80 56.48 55.81 
Full dent 79 .09 46.97 68.75 60.07 
Mature 73 .26 46.24 56.94 56.76 
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percent lower than the mature sample. These data are given in 
table 29. 
The variance in the yield was analyzed into portions resulting 
from differences between samples and between replications, 
and finally apportioned because of experimental error. 
When the samples were planted thick and later thinned the 
val'iance between samples and also between replications of the 
1929 seed was greater than the experimental error. The differ-
ence between samples, however, was not significant. Neither 
was the variance between samples significant in 1930 or 1931. 
The variance between replications, however, was significant in 
1930 but not in 1931. 
Although no sample germinated less than 96 percent in the 
germinator, the highest percentage stand obtained when 
TABLE 30. THE ANALYSIS OF VARIANCE OF THE YIELDS PRODUCED BY THE 
1929, 1930, AND 1931 SEED. 
Source of 
variation 
Degree of 
freedom 
Sample 3 
Replication 19 
Experimental error 57 
P. E. of mean yield .22 
Sample 3 
Treatment 2 
Replication 3 
Experimental error 39 
P. E. of mean yield. 21 
Sample 3 
Treatment 2 
Replication 3 
Experimental error 39 
P. E. of mean yield .81 
Sample 3 
Treatment 2 
Replication 5 
Experimental error 61 
P. E. of mean yield. 64 
Sample 3 
Treatment 2 
Replication 5 
Experimental error 61 
P. E. of mean yield .62 
Mean 
square 
1929 Stand controlled 
3.75 
5.04 
2 . 10 
1930 Stand controlled 
3 . 30 
10.15 
59.30 
5.92 
1930 Stand uncontrolled 
24.58 
2.12 
73.21 
5.93 
1931 Stand controlled 
6.47 
10 .65 
9.28 
5.58 
1931 Stand uncontrolled 
153 . 10 
8.95 
10 .88 
5.20 
Calculated 
"z" 
.2899 
.4377 
.2922 
.2695 
1.1521 
.7110 
.5143 
2.4079 
.0740 
.3232 
.2543 
1. 7488 
.2715 
.3339 
Five percen t 
"z" 
.5111 
.2862 
1.0781 + 
.6100 
.5277 
. 5277 
1.4840+ 
.5277 
.5084 
.5911 
.4287 
.5084 
.5911 
.4287 
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In making the comparison for ability to yield, when no ef-
fort was made to control the stand, the seed of each sample of 
the 1930 and 1931 seed was planted in 24-hill plots. Plantings 
of the seed selected in 1930 were repeated four times while those 
of 1931 were repeated six times. The seed of 1929 was not in-
cluded. In each case three kernels were planted to the hill. No 
effort was made to control the stand by thinning or replanting. 
When the 1930 seed, harvested in the dough stage, was used 
the stand was from 16 to 22 percent less than for the other sam-
ples. In 1931 it varied from 10 to 23 percent lower. The yield 
produced by the early harvested seed in 1930 was 8.5 bushels 
to the acre less than for the glazed seed which in turn was 3.5 
bushels less than that produced by the fully dented and the ma-
ture seed. The yield from the dough stage seed of 1931 was 
from 9 to 15 bushels to the acre less than from the other sam-
ples. In studying the yields from the uncontrolled stand sta-
tistically it was found that the differences between samples 
were significant in both 1930 and 1931. The differences between 
replications in 1930 were significant but not in 1931. The 
variation between samples in the experiment in which the stand 
was uncontrolled no doubt was because of the shortage of 
plants from those samples not fully matured. 
From the practical point of view these data indicate that to 
be of the most value for planting purposes the kernels should 
be sufficiently developed to give a perfect stand. The dough 
stage seed used in this study was not sufficiently developed to 
do this. Just why the kernels of the dough stage seed did not 
germinate as well as the more mature kernels when placed in 
the soil was not determined in, this study. It is possible, how-
ever, that the same factors that promoted breakdown when the 
kernels were immersed in water were also contributing factors 
when the kernels were planted in the soil. The endosperm of 
the immature kernels was less compact, it absorbed water more 
rapidly, respiration was more rapid, and the higher percentage 
of sugars present may have provided a more satisfactory 
medium for the growth of decay-producing organisms. 
This study indicates that in productivity, surviving plants 
from the immature seed are equal to plants from mature seed. 
Early harvest provided a kernel which had a smaller reserve of 
food material in the endosperm, but still sufficient to support 
the plant until it could rely upon photosynthesis for its food 
supply provided that germinatipn conditions were sufficiently 
favorable. 
SOURCE AND METHOD OF HANDLING SEED 
In addition to the samples previously described, and with 
whieh the experiments as outlined were conducted, two addi-
tional groups of samples were included in some of the compari-
sons. At each harvest period, in both 1930 and 1931, a second 
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group of ears was secured which, instead of being suspended in 
the draft of an electric fan and drying as rapidly as possible, 
was suspend~d on hangers in a basement in order that the rate 
of desiccation would be somewhat retarded. 
A third group was harvested at the same time, in both 1930 
and 1931, but from an adjoining plot to which superphosphate 
had been added at the rate of 200 pounds to the acre. This 
group was dried rapidly by suspending in the draft of an elec-
tric fan . 
RAPIDITY OF DESICCATION 
The theory has been advanced that if the seed was dried at a 
relatively slow rate respiration would be high for a greater 
length of time than if dried rapidly. Consequently, a greater 
percentage of loss would occur, making the kernel less valuable 
for seed. The comparative rapidity with which the moisture 
was lost by the samples dried rapidly and those dried slowly iR 
presented in table 3l. 
In addition to indicating the relative rapidity of desiccation 
of the samples dried slowly and rapidly, these data indicate 
that proportionately more water was lost in a given length of 
time by the samples having the greater water content, .wnen 
stored under the same conditions. The comparisons between 
the samples as an average of the 2 years are indicated in 
table 32. 
Little difference existed between the performance of the rap-
idly and slowly dried samples. A slight difference, however, 
seemed to occur between the seedling weight produced by the 
two samples harvested in the dough stage. That which was 
dried slowly did not make as rapid development as did the 
seeds which were dried rapidly. This difference was more pro-
nounced for the first few days than at the end of the sixth day. 
With all four samples the quantity of extract in the solution in 
which the kernels were immersed was less in the case of the 
kernels dried slowly. The difference was less when the kernels 
had been immersed for a longer period of time than in the first 
few hours. 
No explanation is offered for the lighter seedling weight, and 
less quantity of extract from the samples dried slowly. It can 
hardly be assumed that the more readily available carbohy-
drates were exhausted during the longer period of desiccation 
because the rapidly dried samples of the dough stage, harvested 
from the plot to which superphosphate had been applied, also 
gave a reduced quantity of extract. 
The seed harvested from soil to which superphosphate had 
been applied performed in the same manner as the samples pre-
viously described. No test was made to determine the phos-
phorus requirement of the soil previous to the application. It 
is possible that other results might have been obtained from 
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seed grown on soil with a high phosphorus deficiency as com-
pared with one having no deficiency. The percentage of phos-
phorus in the two samples was not determined. 
The data on kernel weight and on yield were analyzed sta-
tistically as indicated in tables 3 and 30. There were no signifi-
cant differences between the weight of the kernels from the dif-
ferent treatments nor in the yields produced by them. 
TABLE 31. THE PERCENTAGE OF TOTAL MOISTURE LOST BY CORRESPOND-
ING SAMPLES ON A SERIES.OF DAYS AFTER HARVEST. 
Days Dough Glaze I Full dent M ature after 
harvest Dried Dried I Dried Dried 
R a pidly I Slowly Rapidly I Slowly Rapidly I Slowly Rapidly I Slowly 
1930 
2 33.2 14 .5 22.5 18 . 7 
6 64.8 34.5 
8 88. 1 33.5 
10 90.3 38.5 62 .5 49.0 70 . 6 51.5 
11 83.2 50.9 
12 94. 0 46.8 
13 83.3 54 .5 
16 92.5 60 .2 
20 85.0 81.3 
21 94.0 73.5 83.3 63.6 
23 92 .5 77 . 0 
31 92.5 81. 9 90.7 70.9 
40 79.4 77 .6 
41 97.0 88 .5 
50 82.5 90.8 
61 97.0 74.5 
71 94.0 88.8 
-
1931 
5 48 . 7 24.7 
6 66.6 30.2 43 .5 18.3 38.1 17 . 0 
8 68.1 34.3 
11 56.7 33.8 
12 85.2 49.7 
13 56.8 31.6 
14 89.2 58.3 
17 68. 5 46.4 
18 87 . 2 58 . 5 
20 91.8 73 . 1 66.4 45 . 8 
23 87 . 2 68.4 
24 71.2 56.4 
26 91.8 80 . 0 
28 71.2 54.5 
29 87.2 75. 1 
31 91.0 85.4 71.2 67 .5 
36 87.2 79 .9 76 . 1 60 . 1 
37 91.8 87.1 
39 74.3 73 . 3 
43 88.1 84.7 
44 91.8 88.0 76.1 60.1 
47 77 . 1 77 . 4 
51 91.8 89.7 89.1 85.7 
52 73 . 3 60.1 
55 77 . 1 79 .0 
59 93.7 90 . 6 91.0 87.9 
63 75 . 8 77 . 4 
67 93.7 92.5 91.0 87 .9 
TABLE 32. A COMPARISON OF SEED FROM THE SAMPLES DRIED RAPIDLY, DRIED SLOWLY, AND THOSE HARVESTED FROM PLOTS 
TO WHICH SUPERPHOSPHATE WAS APPLIED. 
Dough Glaze Full dent Mature 
Character compared 
Dried Dried phos- Dried Dried phos- Dried Dried phos- Dried Dried phos-
rapidly slowly phate rapidly slowly phate rapidly slowly phate rapidly slowly phate 
----1---- Super- ----.---- tluper- -------- S~;;:::- -------- Super-
added added added added 
------ -1--- 1- ----- - ----------- --- - ----------
Percentage moisture at harvest 
Bushel test weight 
Weigh t 100 kernels 
Volume 100 kernels 
Specific gra vi ty 
Top weight, 2 days 
Top weight, 3 days 
Top weight, 4 days 
rop weight, 5 days 
fop weight, 6 days 
Root weigbt, 2 days 
Root weight, 3 days 
Hoot weigbt, 4 days 
Root weigbt, 5 days 
Root weight, 6 days 
Seedling weigbt, 2 days 
Seedling weight, 3 days 
Seedling weight, 4 days 
Seedling weight, 5 days 
Seedling weight, 6 days 
Grams water absorbed in 1 hour 
Grams water absorbed in 2 hours 
Grams water absorbed in 4 hours 
Grams wate>r absorbed in 8 hours 
Grams water absorbed in 24 hours 
Grams water absorbed in 48 hOUTS 
Grams water absorbed in 72 hours 
Grams of extract in 1 hour 
Grams of extract in 2 hours 
Grams of extract in 4 hours 
Grams of extract; in 8 hours 
Grams of extract in 24 hours 
Grams of extract in 48 hours 
Grams of extract in 72 hours 
Percentage emerged 34 hours 
Height 21 days after planting 
Height 31 days after planting 
Height 41 days after planting 
Height 51 days after planting 
Growth 21 to 31 days 
Growth 31 to 41 days 
Growth 41 to 51 days 
Yield-not thinned 
Yield-thinned 
60.5 
49.3 
20.03 
16.3 
1.180 
.27 
.61 
1.05 
1. 67 
2.71 
.59 
1.36 
1.99 
2.53 
3.01 
.86 
1. 97 
3.04 
4.19 
5.72 
17.1 
23.9 
33.3 
42.6 
59.8 
73.7 
81. 9 
.227 
.343 
.420 
.494 
.973 
1. 771 
2.268 
59. 
15.6 
36.7 
71. 7 
118.6 
21.1 
35.0 
46.9 
40.56 
53.75 
61.2 
48.8 
19.54 
16.6 
1.142 
.23 
.52 
.96 
1.66 
2.52 
.45 
1.07 
1.82 
2.27 
2.73 
.67 
1.59 
2.78 
3.93 
5.25 
17.9 
24.2 
32.9 
42.9 
59.3 
73.2 
82.3 
.050 
.077 
.137 
.190 
.578 
1.554 
2.102 
42. 
15.5 
36.4 
71.6 
121. 3 
20.9 
35.2 
49.7 
44.87 
52.20 
60.5 
48.6 
20.02 
16.9 
1.158 
.25 
.56 
1.10 
1. 79 
2.52 
.61 
1.16 
1. 93 
2.44 
2.81 
.86 
1. 72 
3.03 
4.23 
5.33 
17.7 
24.4 
33.2 
43.5 
57.9 
69.9 
77.7 
.139 
.247 
.331 
.392 
.722 
1.474 
2.128 
24. 
15.4 
36.0 
72.5 
118.8 
20.6 
36.5 
46.3 
41.10 
49.66 
50.9 
54.9 
27.49 
22.2 
1.226 
.25 
.56 
.96 
1.95 
2.93 
.32 
1.38 
2.13 
3.12 
3.87 
.76 
1.94 
3.09 
5.07 
6.80 
12.7 
17.4 
24.6 
33.0 
47.1 
57.1 
63.0 
.080 
.130 
.191 
.199 
.454 
1.039 
1.611 
33. 
17.8 
40.4 
76.4 
123.7 
22.6 
36.0 
47.3 
49.31 
54.39 
52.1 
53.4 
28.19 
22.8 
1.224 
.24 
.57 
1.09 
2.32 
3.25 
.55 
1.38 
2.31 
3.23 
4.07 
.79 
1. 94 
2.40 
5.55 
7.32 
13.7 
18.5 
26.1 
34.4 
48 . 1 
57.2 
63.3 
.021 
.035 
.073 
.093 
.348 
.998 
1.604 
33. 
17.4 
40.2 
77.7 
127 . 5 
22.8 
37.5 
49.8 
51.46 
53.31 
48.8 
55.1 
25.53 
20.7 
1.225 
.25 
.59 
1.16 
2.17 
3.10 
.53 
1.38 
2.31 
3.07 
3.66 
.77 
1. 97 
3.47 
5.24 
6.76 
12.4 
17.2 
24.0 
32.6 
46.1 
55.0 
60.7 
.088 
.134 
.218 
.240 
.483 
1.131 
1.661 
27. 
17.3 
40.4 
79.6 
125.4 
23.1 
39.2 
45.8 
51.23 
53.46 
39.1 
56.5 
29.83 
24.3 
1.225 
.24 
.55 
.91 
1.95 
3.02 
.49 
1.32 
2.19 
3.41 
4.10 
.73 
1.86 
3.10 
5 . 36 
7.12 
11.4 
15.7 
22.4 
30.6 
44.0 
52.1 
57.4 
.036 
.048 
.099 
.195 
.349 
.895 
1.464 
24. 
18.4 
42.3 
80.0 
125.7 
23.9 
37.7 
45.7 
53.57 
53.43 
38.6 
56.2 
30.42 
24.2 
1.233 
.21 
.58 
1.04 
2.02 
3.13 
.44 
1.25 
2.24 
3.25 
3.99 
.65 
1.83 
3.27 
5.27 
7.12 
11.3 
15.4 
21.9 
29.8 
43.2 
51.0 
56.1 
.009 
.048 
.084 
.084 
.305 
.948 
1.429 
26. 
18.3 
41.2 
80.1 
130.2 
22.9 
38.9 
50.1 
55.03 
55.50 
39.0 
55.5 
29.02 
23.6 
1.225 
.20 
.57 
1.03 
2.14 
3.00 
.45 
1.26 
2.18 
3.26 
4.08 
.65 
1.82 
3.20 
5.39 
7.07 
11. 2 
15.4 
21.7 
30.0 
43.5 
51.7 
56.8 
.047 
.061 
.072 
.072 
.341 
.917 
1.424 
21. 
18.9 
43.2 
82.0 
127.3 
24.3 
38.8 
45.3 
52.17 
55.09 
31.4 
56.0 
29.16 
24.0 
1.234 
.23 
.50 
.87 
1. 67 
2.75 
.44 
1.16 
2.05 
2.92 
3.80 
.67 
1.66 
2.92 
4.59 
6.55 
11.4 
15.9 
22.4 
30.3 
43.5 
51.6 
56.6 
.051 
.027 
.066 
.094 
.346 
.979 
1. 517 
22. 
18.1 
41.0 
78.2 
124.4 
22.9 
37.2 
46.2 
51.50 
52.69 
29.3 
55.8 
29.01 
23.1 
1.231 
.24 
.52 
.99 
1. 91 
3.11 
.50 
1.30 
2.26 
3.11 
3.90 
.74 
1. 81 
3.25 
5.02 
7.00 
11.3 
15.3 
21.6 
29.6 
43.2 
50.9 
55.7 
.021 
.029 
.071 
.062 
.283 
.759 
1.155 
23. 
19.3 
43.3 
83.2 
128.0 
24.0 
39.9 
44.8 
51.89 
52.65 
32.3 
56.4 
32.07 
27.0 
1.232 
.24 
.57 
.96 
1.94 
3.10 
.49 
1.30 
2.27 
3.25 
4.36 
.73 
1.86 
3.22 
5.19 
7.46 
11. 6 
15.8 
22.3 
30.6 
43.5 
51.4 
56.6 
.027 
.024 
.074 
.079 
.354 
1.032 
1.535 
24. 
18.6 
42.6 
80.7 
130.5 
24.0 
38.1 
49 . 8 
53.95 
52.14 
...... 
o 
<0 
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SUMMARY 
SAMPLES of corn were harvested at different stages of ma-
turity in 3 different years. The data indicated that the 
kernel was not completely developed when harvested as early 
as the soft dough stage, when it contained 60 percent of water. 
Comparisons were made between the samples for physical dif-
ferences, for differences in rapidity of breakdown, and for dif-
ferences in the plants developed from them in the germinator, 
the greenhouse and the field. 
The data showed a trend indicating that the kernel weight, 
volume, bushel test weight, specific gravity and crushing resis-
tance increased as the kernels became more mature. 
A significant difference was not found between the rate of 
development of the germ and the endosperm portions of the 
kernel after it had reached the dough stage. 
The percentage of nitrogen and of sugars was greater in the 
immature kernels than in those fully developed, although the 
actual quantity present in each kernel was less. 
When the kernels were immersed in water a greater quantity 
of water was absorbed by each unit of weight of the immature 
kernels than of those fully developed. The actual quantity of 
water absorbed by each kernel of the samples differing in ma-
turity varied little. . 
Compared for resistance to breakdown when immersed in 
water, the kernels harvested in the dough stage lost their via-
bility more rapidly than did kernels more completely devel-
oped at the time of harvest. In 2 of the 3 years little difference 
existed in this regard between seed harvested when glazed, 
when fully dented and when mature. A few drops of toluene 
added to water was toxic as evidenced by the lowered viability 
of kernels immersed in it. 
A greater percentage of the weight of kernels was found 
in solution after seed harvested in the dough and glazed 
stages of maturity had been immersed than was present 
following the immersion of those fully dented and matured. 
The solution was examined for sugars and nitrogen, both 
of which were present. The quantity of sugar was greater 
in the solution from the kernels harvested in the dough 
stage than from those harvested when more mature. After' the 
kernels had been immersed 72 hours little difference was found 
in the percentage of sugar in the solute from the different. sam-
ples. The quantity of nitrogen present was greatest in the ex-
tract from the kernels harvested in the dough stage; the second 
greatest quantity was in the extract from glazed kernels. Httle 
difference existed between the fully dented and the mature 
kernels. 
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The greater portion of the sugars present in the air-dry corn 
was non-reducing. After the kernels had been immersed in 
water for 72 hours the greater portion of this, both in the ker-
nel and in the solution, had been reduced to simpler sugars. _ 
In 2 of the 3 years the diastasic activity for each unit weight 
and for each kernel diminished as the kernels became more 
fully developed. 
The early harvested kernels germinated more rapidly than 
those harvested at a later date but in 4 or 5 days were surpassed 
in rapidity of early growth by the more mature kernels. When 
planted in the greenhouse the seedlings from the mature and 
fully dented kernels appeared through the surface of the soil 
more quickly than those from kernels harvested in the dough 
stage. Those harvested in the glazed stage were intermediate. 
When grown in the field the plants from the dough stage seed 
were shorter than those from the three more mature stages for 
the first 51 days. The plants from the most immature seed grew 
more slowly than those from the more fully developed seed un-
til a height of45 to 50 centimeters was reached after which the 
rate became equal . 
Seeds harvested at different stages of maturity were found 
to be equally productive when equal stands were obtained in 
the field. The immature kernels did not give as good a stand 
as the mature kernels, consequently they gave a smaller yield 
when planted at uniform rates. 
Samples which were dried slowly but in such a manner that 
they did not mold, differed little in performance from those 
which were dried rapidly. 
No differences were found between kernels harvested for seed 
from a plot to which superphosphate had been applied and 
those from a plot to which no application was made. 
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